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THE PATENTS ACT, 19 7 0 

( 39 of 1970 ) 

PROYISIONAL/€#MW-&TE 

SPECIFICATION 
SECTION 10 

TITLE 



A SALT TOLERANT L-MYO- INOSITOL 1 PHOSPHATE 
SYNTHASE AND THE PROCESS OF OBTAINING THE SAME 



1) DEPARTMENT OF BIOTECHNOLOGY, Block 2, 7th 
Floor, CGO Complex, Lodi Road, New Delhi 
110 003; and 
2) BOSE INSTITUTE, of P-l/12, CIT Scheme 
VII M, Kolkata-700 054. 



APPLICANT 



The following specification particularly describes the nature of the 
invention and the manner in which it is to be performed 



•_ 

FIELD OF INVENTION 

This invention relates to a salt tolerant L-myo-inositol 1 phosphate synthase 
and the process of obtaining the same. 

BACKGROUND OF THE INVENTION 

In agricultural biotechnology a long standing goal is to improve tolerance of 
uup plan ts, to enrYirpi rnrgir fari ' Aics * mi l l a s> s al init y , Uiuught and -teurpT?ratuTe- 
mediated dehydration all of which constitute direct osmotic stress. Once of 
the mechanisms by which plants respond to such abiotic stress conditions is 
by synthesizing non-toxic biomolecules termed compatible solutes or 
osmoprotectants. These compounds fall into three categories; amino acids 
(eg proline), omium compounds (eg glycine betaine, 
dimeihylsulphoniopropionate) and polyols/sugars (eg inositol, 
ononitol/pinitol mannitol, trehalose). Over production of any such 
osmoprotectant by introgression of genes encoding critical steps in the 
synthesis of these compounds through metabolic engineering has become the 
choice of biotechnologists for raising stress tolerant crop plants. Such 
approaches have met limited success in both pro- and eukaryotic systems. 
More importantly, it is imperative that, the critical step for manipulation 
should itself encode a stress-tolerant enzyme protein. 

Although metabolic engineering involving overproduction of selected 
osmolytes has been a choice for imparting stress tolerance phenotype in 
plants and other organisms, none of the" systems used any stress tolerant 
gene/enzyme for such work. Hence, functional expression of the target 
gene/enzyme in the transgenic system remained unpredictable. 
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OBJECTS OF THE INVENTION 

An object of this invention is to propose a salt-tolerant L-myo-inositol 1- 
phosphate synthase gene! 

Another object of this invention is to propose a process for obtaining a salt 
tolerant gene for inositol production. 

Yet another object of this invention is to introgress the salt tolerant L-myo- 
inositol 1-phosphate synthase in crop plants for its functional expression to 
overproduce inositol. 

BRIEF DESCRIPTION 

In accordance with the present invention, there has been provided a salt- 
tolerant L-myo-inositol 1 phosphate synthase from proteresia coarctata. 

Also provided in accordance with the present invention is a process of 
obtaining a salt tolerant myo-inositol 1 phosphate synthase gene comprising: 

(i) isolating a full-length cDNA for the L-myo-inositol 1- 
phosphate synthase gene from the leaf of porteresia 
coarctata by reverse transcription followed by polymerase 
chain reaction; 

(ii) sequencing the isolated L-myo-inositol 1-phosphate 
synthase gene solubilizing and purifying the cloned bacterial 
vector; 

(iii) the isolated full length of cDNAs into bacterial expression 
vectors. 



In accordance with this invention the step of isolation is performed by the 
method of Ostrem et al. The step of cloning the cDNA of RINOl was cloned 
into suitable cloning sites of the bacterial expression vector pET 20B(+) to 
produce plasmids. The plasmids are introduced into the host strain E.coli 
BL-21(DE3). The expressed RINOl proteins were solubilized in 
solubilization buffer at room temperature. The solubilization buffer 
comprises 8M urea, 0.5 M NaCl, 20mM Tris-cl pH 7.5, lOmM ME 2mM 
PMSF. 



Dated this 11th day of DECEMBER 



2002 



of L S DAVAR & CO. , 
Applicants' Agent 
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THE PATENTS ACT, 1970 
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SPECIFICATION 
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TITLE 

A SALT TOLERANT L-MY0- INOSITOL 1 PHOSPHATE 
SYNTHASE AND THE PROCESS OF OBTAINING THE SAME 



APPLICANT 

1) DEPARTMENT OF BIOTECHNOLOGY, of Block 2, 7th Floor, 
CGO Complex, Lodi road, New Delhi-110 003: 

2) B0SE INSTITUTE, of P-l/12, CIT Scheme, VII M, 
Kolkata- 700 054. 



The following specification particularly describes the nature of the 
invention and the manner in which it is to be performed 



This invention relates to a salt tolerant L-myo-inositol 1- phosphate synthase 
and the process of obtaining the same. 

BACKGROUND OF THE INVENTION 

In agricultural biotechnology a long standing goal is to improve tolerance of 
crop plants to environmental stress such as salinity, drought and temperature 
mediated dehydration all of which constitute direct osmotic stress. Once of 
-me^echanisms^ynvlm;hT3latirs respond to such abiotic stress conditions is 
by synthesizing non-toxic biomolecules termed compatible solutes or 
osmoprotectants. These compounds fall into three categories; amino acids 
(eg proline), onium compounds (eg glycinebetaine, 
dimethylsulphoniopropionate) and polyols/sugars (eg inositol, 
ononitol/pinitol mannitol, trehalose). Over production of any such 
osmoprotectant by introgression of genes encoding critical steps in the 
synthesis of these compounds through metabolic engineering has become the 
choice of biotechnologists for raising stress tolerant crop plants. Such 
approaches have met limited success in both pro- and eukaryotic systems. 
More importantly, it is imperative that the critical step for manipulation 
should itself encode a stress-tolerant enzyme protein. 

Although metabolic engineering involving overproduction of selected 
osmolytes has been a choice for imparting stress tolerance phenotype in 
plants and other organisms, none of the systems used any stress tolerant 
gene/enzyme for such work. Hence, functional expression of the target 
gene/enzyme in the transgenic system remained unpredictable. 
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OBJECTS OF THE INVENTION 

An object of this invention is to produce a salt-tolerant L-myo-inositol 1- 
phosphate synthase gene. 

Another object of this invention is to provide a process for obtaining a salt 
tolerant gene for inositol production. 

Yet another object of this invention is to introgress the salt tolerant L-myo- 
inositol 1-phosphate synthase in model crop plants for its functional 
expression to confer ability to grow in presence of salt without decline in 
photo synthetic functions. 
BRIEF DESCRIPTION OF THE INVENTION 

The present invention, provides a salt-tolerant L-myo-inositol 1 phosphate 
synthase from Porte resia coarctata. 

Also provided in accordance with the present invention is a process of 
obtaining a salt tolerant myo-inositol 1 phosphate synthase gene comprising: 

(i) isolation of a full-length cDNA for the L-myo-inositol 1- 
phosphate synthase gene from the leaf of Porteresia 
coarctata ( PINOl) by reverse transcription followed by 
polymerase chain reaction; 

(ii) sequencing of the isolated L-myo-inositol 1-phosphate 
synthase gene ; 

(iii) Cloning of the isolated full length cDNA of PINOl in 
suitable bacterial expression vectors to obtain the expression 
plasm id construct. 

Introduction of the expression plasm id construct into the 
bacterial host strain, E.coli BL21 (DE 3) by transformation and 

induction of expression of the PINOl gene product by IPTG, 



Isolate of the expressed PINO 1 gene product as inclusion bodies 
solub.l.zation and i so ]ation „f Ae active enzyme protein in a buffer 
containing SM Urea,0.5 M NaCl. 20mM Tris-HCl .p H 7.5,10 mM 
pmercaptoetbanol (ME) and 2 mM phenyhnethylsulpbonylfluoride ( PMSF ) 
and its complete purification to homogeneity . 

DETAILED DESCRIPTION OF THE INVENTION 
Cloning and sequencing of L-myo-inositol 1-phosphate synthase gene from 
fortes coarctata (Pmoi) and its comparison with that from Oryza 
sativa (RINOl). 

A full length cDNA for the L-myo-inositol 1-phosphate synthase gene has 
been obtamed from Porteresia coarctata (PINOl) as well as Oryza sativa 
tRINOl) leaf poly -A (RNA) by reverse transcription-polym erase chain 
reaction (RT-PCR) Tola! RNA was isolated from mature leaves of Oryza 
and Porteresia following the method of Ostrem et al (Plant PhysioI.M,1270- 
1275,1987). Poly-A RNA was isolated from the total RNA by the polyAtract 
mRNA isolation kit (Promega) following the manufacturer's instructions 
20-30 ng of poly. A RNA was used for first stand cDNA synthesis using 
Superscript II RNAse H-reverse transcriptase (Life Technologists; Gibco 
BRL) following the manufacturer's protocol cDNA thus synthesized was 
used as template for PCR amplification of the inositol synthase gene For 
cloning of the full-length cDNA of inositol synthase for Oryza (RINOl) and 
Porteresia (PINOl), sense (5'-3') and anti-sense (3'-5') oligonucleotide 
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primers were designed based on the published RINOl sequences (GenBank 
accession number AB 012107) and PCR amplification was done as follows: 
94-1 min[94~1.5min; 55, 1.5 min; 72, 2 min] x 32 cycles; 72, 10 mins. The 
amplified product was checked for the expected size (-1.5 kb), band eluted 
from the gel, purified through QIAquick PCR purification kit (Qiagen) and 
ligated overnight at 4°C to the pGEM T-Easy vector (Promega) following 
manufacturer's instructions. The ligation mixture was used for 
transformation of high efficiency JM109 competent cells (Promega) and 
transformants were selected based on blue/white selection on 
ampicilin/IPTG/X-gal plates grown overnight. Minipreps of the plasmids 
were isolated from the transformants, the DNA digested with EcoRl and the 
digested DNA analyzed by agarose gel electrophoresis for the expected ~1.5 
kb insert Having confirmed the insert size, plasmid DNA was isolated from 
the transformants and purified through the Qiaquick purification kit 
(Qiagen). The clones were designated as RINOl for the gene for inositol 
synthase from Oryza sattva and PINOl for the same from Porteresia 
coarctata. 

The nucleotide sequence for each clone was determined through automated 
DNA sequencing. The sequencing strategy involved several cycles of 
sequencing of the clones by designated primers as follows: 

1. First round with primers for T 7 promoter at the 5' end and SP 6 
promoter at the 3 end. 

2. Second round with primers designed at the 5' end and the 3' end of the 
gene as used for RT-PCR amplification. 

3. Third round of sequencing with primers designed at about 250 base 
pairs downstream the start site and 250 nucleotides upstream of the 
stop site. 




TTi* g ^qnenring data from each set were-comp iled aiid cumpaied to work 
out the complete sequence of the L-myo-inositol 1 -phosphate synthase 
from Pomre^coarctata (PJNOl) and Oryza sMiva (RINOl.GenBank 
access.on number AB012,07). The complete sequence- of PINOl is 
provided hereunder : 



PINOl Sequence: 



"tgatctgcagaagcagcttaggccttac.LoL-^ » . » A K V L D 

TT 9 r=rTTTTTT 9 rrTT«'--"»«» s ..« 

gttgatttcctcatgggtgct<!oaa?» a ?^^ ^ K K K T G L 

TTT 9a % 9 "rrrT 9C9 % C9 T^ 



s 



I 



TCED. St-LAAPIIiDlViLAK 
ctcagcactaggattcagctgaaaggcgagggagaggagaaattccattccttccatcca 

LSTRIQLK GEGEE KFHSFHP 
gtggctaccatcctgagctacctcaccaaggcgccccttqttcctcctggcacaccagta 

VATILS YLTKAPL~VPPGTP V 
gtgaacgccctggcgaagcagagggctatgctcgagaacatcatgagggcctgcgttggg 

ctggcccctqagaaoaacataatcctaoaotacaao 
L A P E N H M I l"e' Y K~ 



The sequence has also been submitted to the GenBank (Accession Number 
AF 412340) and will be held confidential until June 23 , 2003. 

Comparison of amlnoacid sequence of PINOl with that of RINOl. 

RINOI: 1 MFIESFRVESPBVRYGAAEIESDYQYDTTELVHESHDGASRWIVIttKSVRYNFRTTTTVP 

MFIESFRVESPHVRYGAAEIES+Y+YDTlELVHESHDGASRH+VI»KSV+Y+FRT+ , riVP 

PINOl: 1 MFIESFRVESPHVRYGAAEIESETOYDTTELVHESHDGASRWVRPKSVQYHFRTSTTVP 
SO 

RIWOl: 61 KLGVMLVGETGGNNGS TLTAGVT AHREGI S SATKDKVQQAN YYGS LTQAS TIRVGS YNGEE 

KLGVMLVGWGGHMGSTLTAGVIA+REGI SHATJTOKVQQANYYGSLTQASTIRVGS YNGEE 
120 KLGVMLVGBGGKHGSTLTAGVIASREGI S8ATKDKVQQAHYYGSLTQASTIRVGS YHGEE 

RINOl: 121 I YAPFKSLLPMVNPDDLVFGGBJDI SNMMJU)AMTRAKVLDIDLQKQLRP5MES 

I ^APFKSLLPHVNPDDLVFGGSJDI 5NMNIADAWTRAKVLDIDLQICQLRP YMKS 

PINOl: 121 I YAPFKSLLPMVHPDDLVFGGWDI SMMNLADAMTRAKVLDIDLQKQLRP^MESWCLSLAS 
X80 

RIMOl: 174 MVPL--PGI YDPDVIAANQGSRANNVIXGTKKEe^ 

™-™,v, P DP A SR ++ + + KDIREFKE +K+DK WLBTA 

PISOl: 181 MIPTSSPLTRDP ARTMSSRE PRRSRWGRS SKDIREFKEWHKMDKAWLWTA 

RINOl: 232 JJTER YS N- VCVGLNDTMENLLAS VBKNEAEI S P S TL YAI ACV-MEGI PFI NGS PQWEFVP 
289 

HTERY+N +C+GL T ASVD+N+AEI SPSTL Y * +EG+ I G+ + P 

PINOl: 232 NTER YNNCLCLGLM- THGKP S AS VDRNOAEI SPSTL YCHCLA S LEGVRS I TGALKKKS WP 

RITIOl: 290 GLIDLAIXNNCLI-GGDDFK5GQTKMKSVLVDFLVGAGIKPTSIVS YNHLGNWDGMNLSA 
348 

G+ DLAIK GG K G+ K K+ LVDFL+GAGIKPTSIVS YNHLGNNDG HLSA 

PINOl: 291 GIDDLMraoaPDPGGLIOJTOGIttiaaCTGLVDFIMGAeiKPTSIVSYHHLGNro 



JIJOX. 343 EQTFRSKEI SKS NWDDMVS-3 NAIL YBLGEHPDHWVIK WP WGD 3KRAMDE YTSEIFM 
««. 3.1 

RIH01: 409 G^STIWJDITCEDSLIJ^^ 

*t™-, ^ + t E VLHNTCE DSLLAAPIILDLVLLAELSTRIQLK EGEEKFHSFHPVATILS^LTK 

PINOl: 411 STOWm^^ 

RINOl: 469 APLWPGTPWfJALAK^^M^cVGLAPEinfl.IILEYK 51C 
' ivr™~, ^ APLVPPGTPVVIIAIAKQRAMI^HEMRACVGLAPENIIMILEYK 
PINOl: 471 APL VPP GTP VVNALAKQIRAMLE NIMPJVCVGLAPE NMMI LE 512 

On analysis it was revealed that the nucleotide sequences of the PIN01 
gene is considerably non-identical resulting in gene-products in which the 
RINOl and PINOl differ in the amino acid sequences for a stretch of about 
110 in the mid-portion (between amino acids 173 to amino acids 320 of 
PINOl), the other parts of the genes bearing complete identity. The non- 
identical portion comprise of deletions/additions as well as conservative 
substitutions with two additional amino acids in case of PINOl resulting in a 
protein having 512 amino acids in stead of reported 510 amino acids of 
RINOl. 

5?2Si« I ? N ° F RIN01 AND PIN01 m BACTERIAL EXPRESSION 

VJsC 1 ORo! 

The cDNA for RINOl and PINOl were subcloned into suitable cloning sites 
of the bacterial expression vector pET 20B4+). The resulting plasmids were 
introduced into the host strain E. coli BL-21 (DE3). The bacteria were 
grown in LB medium up to A tf0 o of 0.5-absorbance unit and induced by 0.5 
mM IPTG for 6 hours at 30°C. The bacteria were collected by centrifugation 
and lysed by sonieation in a buffer containing 20mM Tris-HCl, pH 7.5, 10 
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m M. each of NH4CI and ME, 2mM PMSF. The lysed extracts were 
centrifuged and protein from both soluble and membrane fractions were 
analyzed by 10% SBS-PAGE according to Laemmli (Nature, 227, 680-685, 
1970) followed by western blot for immunodetection. The separated proteins 
were blotted onto PVDF membrane and the blot was probed with rabbit anti 
L-myo -inositol 1-phosphate synthase antibody (1:500) raised against 
purified recombinant L-myo-inositol 1-phosphate synthase of Entamoeba 
(Lohia et al, Mol.Biochem.Parasitol., 98, 67-79,1999) or purified cytosolic 
L-myo-inositol 1-phosphate synthase from Otyza leaves. Bound antibody- 
was detected by the cherailuminiscence (kit from Amersham Life Sciences). 
Results of such experiments indicated that both RINOl mid PINOl were 
expressed predominantly in the membrane fractions (Fig 2, A & B, lanes 1 
& 3). 

SOLUBILIZATION OF EXPRESSED RINOl AND PINOl PROTEINS: 

The expressed RINOl and PINOl proteins were solubilized from the pellet 
fractions in solubilization buffer (8M urea, 0.5 M NaCl, 20 mM Tris-HCl pH 
7.5, lOmM ME, 2mM PMSF) kept for 30 minutes at room temperature. 
Solubilized samples were centrifuged at 15000 rpm for 30 minutes. 
Supernatant was taken and dialyzed serially in the same buffer with 
stepwise dilution of urea concentration from 8M to 2M. The solubilized 
samples were checked in SDS-PAGE and western blot for the 




RJNOl and^NQl p roteins (g ig, 3, A * R, lanes^^Afe 



solubthzatton, SDA- PAGE analysis revealed that the expressed protein 
was tn soluble fraction (Fig. 3A) and, was again confirmed by western 
blot analysis (Fig 3 B). 

PISS™ 1 " ° F SOLUB LIZED RINOl AND PINOl 

The protein in the dialyzed sample was pnrified by DEAE Sephacel and 
Btogel A 0.5 by procedures earl ier described from this l,,^,^, 
(RayChaudhury et a l., Plan, Physiol., U5, 727-736,1997). Solubilized 
dialyzed sample was token and loaded onto DEAE Sephacel column (20 
mi bed volume). After two hours of absorption of the protein onto the 
column, the effluent was collected and then washed in buffer A 
contaimng 20mM Tris-HCI, pH 7.5, 10m M each of NHtCl and ME 
2mM PMSF, 20% glycerol upto nearly 3 bed volume for elution of 
unbound protein and until the A J8 „ of me fractions approached 0. Bound 
protems were eluted in 60 ml linear gradient of 0.01 to 0.25M NH.C1 in 
buffer A. Fractions of 1ml were collected at the rate of 0.4 ml/min 
Fractions with inositol synthase activity were pooled, concentrated and 
dtalyzed for 6 hr a, 4°C against 2 L change of buffer A. The dialyzed and 
concentrated, pooled DEAE fractions were loaded on a Biogel A 0 5 
column , preequilibriated with 3 bed volumes of buffer A. Proteins were 
eluted with buffer A in fractions of 0.5 ml at a flow rate of 0.1 mJ/min 
Fractions containing inositol synthase activity were pooled, dialyzed 
against one 2 L change of 20 mM Tris-Gl (pH 7.5) lOmMME. 



The purified bacterially expressed RIN01 and PINOl proteins were 
characterized for their biochemical properties (Table- 1). Estimates of Km 
and Vmax values for the substrate (Glucose 6 phosphate) and co factor 
(NAD) were obtained with Biogel 0.5A purified recombinant synthase (s) 
using Line- Weaver Burk analysis . There is a difference between the Km 
values for glucose 6 phosphate of recombinant synthase of Oryza 
(RINOl) and Porteresia (PINOl). The lower Km values for glucose 6 
phosphate for recombinant synthase of Porteresia (PINOl) suggest a 
higher substrate specificity compared to the Oryza recombinant synthase 
(RINOl). For both the cases optimum enzyme activity was at 37°C 
whereas optimum pH for Porteresia recombinant synthase (PINOl) was 
8.0 and the same for Oryza recombinant synthase (RINOl) was 7.5. 

With respect to salt-sensitivity, RINOl and PINOl proteins differ a great 
deal. As in the case of the purified native enzymes (Fig. 4, A), the 
expressed recombinant RINOl and PINOl proteins exhibit similar 
characteristics with respect to salt-sensitivity/tolerance properties (Fig 4, 
B). It is evident that both native and recombinant RINOl proteins are 
sensitive to NaCl in vitro, whereas those of PINOl are tolerant to salt 
under in vitro conditions upto a concentration of 500mM NaCl adducing 
evidence that the expressed gene products of both retain their salt- 
sensitivity vis-a-vis salt-tolerance properties like the native enzyme 
proteins. 

Table 1: Biochemical characterization of native and recombinant RINOl 
and PINOl proteins 



to 





CHARACTERS 


PINO 

Native Recombinant 


RINO 

Native* 
Recombinant 




Km 

(1) G6P 

(2) NAD 


1.81 mM 
0.153 mM 


2.5mM 
0.166mM 


1.97 mM 
0.14 mM 


3 mM " 
0.188mM 


Vraax 

(1) G6P 

(2) NAD 


0.08j.i mor m 
0 12u mol" m 


0.095j.imol m 


0.07j.imoJ- m 
U.09|Limor 


0.072fjmol- m 
0.068umor m 


pH optimum 


7.5 


8.0 


8.2 


7.5 


Temperature 
Optimum 


35°C 


37°C 


35°C 


37°C 




Molecular weight 

Native 
Subunit 


-180 kDa 
- 60 kDa 


-180 kDa 
- 60 kDa 


- 180 kDa 

- 60 kDa 


-180 kDa 
-60 kDa 





+ Data from RayChaudhury et al (1997) 



The invention is described in greater detail hereinafter, with reference to the 
accompanying drawings and examples, which are provided as mere 
illustrations of the invention and should not be construed to limit the scope 
thereof in any manner. 

Fig.l: (A) SDS-PAGE analysis of proteins of bacterially expressed RDSfOl 
and PINOl; lanes 1&2-RIN01, induced and uninduced; lanes 3 & 4-PINOl 
induced and uninduced; lanes 5 & 6- control-induced and uniduced. 
(B) Corresponding western blot of (A). 

Fig* : (A) SDS-PAGE of proteins in_pellet and supernatant fraction in the 
induced system after urea solubilization; lanes 1 and 2, pellet and 
supernatant of induced RINOl; lanes 3 & 4- pellet and supernatant of 
induced PINOl. (B) corresponding western blot of (A). 
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Fig3r Inositol synthase activity in presence of increasing .NaCl 
concentration for purified native (A) and recombinant (B) enzymes. 
Fig.4: Tryptophan fluorescence of purified RINOl (A) and PINOl (B) 
proteins in increasing NaCl concentrations; tracing 1,2,3 & 4 correspond to 
0,100mMi 200mM and 400mM NaCl in the system. 

Fig5: Gel filtration pattern on Superose-12 of RINOl and PINOl proteins 

in absence and presence of 400mM NaCl. (A) RINOl without NaCl; (B) 

RINOl with NaCl; (C) PINOl without NaCl; (D) PINOl with NaCl. Insets 

depict SDS-PAGE and immuno dot blots of indicated fractions. 

Fig.6 : Circular Dichroism spectra of RINOl and PINOl proteins. 

Fig.7: Phenotype of nontransformed and PINOl -transformed tobacco 

plantlets grown with various concentration of NaCl in the growth media 

EXAMPLE: 

STRUCTURAL STUDIES OF RINOl AND PINOl: FLUORESCENCE 
CIRCULAR DICHROISM AND GEL-FILTRATION STUDIES 

In order to understand the structural basis of the differential behaviour of 
RINOl and PINOl towards salinity stress, we performed some fluorescence, 
Circular Dichroism (CD) and gel filtration experiments. 

Tryptophan Fluorescence spectra of the recombinant preparations of the 
inositol synthase(s) from Oryza sativa (RINOl) and Porteresia coarctata 
(PINOl) are shown in Panel A and B respectively in Figure 4. In absence of 
added salt, RINOl shows significantly higher fluorescence intensity than 
PINOl at the wavelength of maximum emission. The emission maxima in 
both the cases remain close to 336nm. Fluorescence intensity of RINOl is 
quenched significantly in presence of added salt whereas lhal of PINOl is 
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ntther tnsensmve. S i also interesting ,o note that * sal, concentration of 
over 600 mM, the fluorescence intensities of both RINOl and PINOl 
become comparable. 

Progressive decrease of fluorescence intensity of RINOl with increasing salt 
concentration indicates structural alterations. However, the emission 
maximum of RINOl remains invariant as a function of increasing salt 
concentration meaning that the tryptophan environment remains unchanged 
Tryptophan residues usually remain buried within the globular structure 
Therefore the salt-induced changes do no, interrupt the tryptophan 
mtcroenvironment. It probably moves other protein segments closer to 
tryptophan to facilitate energy transfer and hence reduce intensity The 
structure of PINOl is stable to addition of sate. Since salts screen 
electrostatic interaction, mere is considerable difference in the exposition of 
charged residues on the outer surface of RINOl and PINOl 
The structure of RINOl and PINOl proteins in solution a. the secondary 
level was probed by the Far-UV Circular Dichroism( CD ) spectroscopy 
The CD spectra ofRINOl and PINOl proteins are almost identical in shape 
and show the characteristic bands (Figure*). The spectra were subjected to 
three-parameter secondary structure analysis (helix, sheet and random) by a 
non-hnear curve fitting ana>ysis according ,o K2D programme available 
from the K2D server on the Internet The analysis reveals mat both RINOl 
and PINOl have very similar secondary structural elements having -25% ot- 
helix, -25% 0-sheet and 50% random plus other strucmres. Clearly the 
deferences in the two proteins arise because of the different ways these 
secondary structural elements pack together. 

to order to get former insight into the nature of the strucntral changes in 
RINOl due to addition of sal,, we performed gel-permeation 
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chromatography of RINOl and PINOl proteins both in presence and 
absence of added salt, the chromatograms are shown in Figure 6 (A,B,C & 
D). It is seen that while RINOl protein elutes as a single peak in absence of 
salt, addition of 400 mM NaCl leads to substantial reduction in the original 
peak and concurrent appearance of a high molecular weight fraction, 
suggesting oligomerization of the RINOl protein by addition of NaCl. In 
contrast, PINOl protein elutes at the same place corresponding the native 
trimeric association, both in absence and presence of NaCl. The activity data 
show that the trimeric form of the protein is enzymatically active although 
the oligomeric form (of the size of a tetramer) is inactive. Since 
oligomerization would affect mainly the protein surface and not the globular 
interior, the salt-sensitivity of the RINOl protein may be explained by a 
suggested mechanism involving difference in ionic environments prevailing 
on the surface and a difference in hydrophobicity close to the surface when 
compared to the salt-tolerant PINOl protein. 

PHENOTYPE OF TOBACCO PLANTS TRANSFORMED WITH PINOl 
GENE DURING SALT-GROWTH 

To determine whether introgression of PINOl into plant system may help 
growing the plant in presence of salt, tobacco plants transformed with the 
PINOl gene through the Agrobacterium-mndi&ted procedure were raised. 
For this, the PINOl gene wa* cloned into the plant expression vector, 
pCAMBIA 1301 and mobilized into the Agrobactenium strain LBA 4404 by 
following standard procedures. Tobacco leaf discs, precultured in 
regeneration media were immersed in the suspension of Agrobacterium 
culture containing the PINOl-pCAMBIA construct for 1 hr and transferred 
back to the regeneration medium supplemented with cefotaxim and 



hygromycin. Alter shoot and root growth, the regenerated plantlets were 
transferred to culture vessels containing 0,100,200 and 400 mM NaCl for 
further growth. Control plantlets transformed with only pCAMBIA vectors 
were also grown in salts in similar way. A comparison of the plants (control 
and the PINO 1 -transformed) grown in presence of increasing amount of 
NaCl show that while the control plants exhibit loss %f chlorophyll in 
presence of 200mM NaCl, the PINOl transformed plants exhibit no such 
loss of chlorophyll at the indicated salt concentration, although at 400 mM 
salt both types of plants fail to grow (Figure?}. This might suggest that the 
PINOl transformed plants are able to maintain the photosynthetic machinery 
in presence of NaCl at concentrations normally inhibitory to the growth of 
untrans formed plants. 

The above-mentioned experiments strongly suggest that the PINOl gene 
sequence(s) may become a useful tool for production of transgenic crop 
plants tolerant to salt stress. 

While the invention has been described in details and with reference to 
specific embodiments thereof ,it will be apparent to one -skilled in the art that 
various changes and modifications can be made therein without deviating or 
departing from the spirit and s«ope of the invention .Thus the disclosure 
contained herein includes within its ambit the obvious equivalents and 
substitutions as well. 

Having described the invention in detail with particular reference to the 
illustrative examples and comparative data given above, it will now be more 
specifically defined by means of claiins~appended hereafter. 



WE CLAIM: 



1. A salt-tolerant L-myo-inositol 1 phosphate synthase from Porteretia 
coarctata ( PINOl) .the nucleotide sequeiKe5 mi ^ 
ammoacid sequence as given below (A) 

A. Nucleotide and deduced andnoadd sequence of WNOl s 

« 1 » t s sTTTr , TTTT"? t ?"r' ,OT "" 
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ctcagcactaggattcagctgaaaggcgagggagaggagaaattccattccttccatcca 

]> S T R I QLKGE GEEKFgLS FHP 
gtggctaccatcctgagctacctcaccaaggcgccccttgttcctcctggcacaccagtg 

VATILS TLTICAP LV PBGTPV 
gtgaacgccctggcgaagcagagggctatgctcgagaacatcatgaqggcctQcgttggg 

VNALAKQRAMLEHIM R A C V G 
ctggcccctgagaacaaeatgatcetggagtacaag 

LAPENNMILEYK 

2. DNA sequence coding as claimed in claim 1 wherein the nucleotide 
-aenus nces of PTN01 romprises_oiltwo^addition-al^.iii^^ids-r^u-ltmg4n^ 



protein bearing 512 amino acids in comparison with RINOl, the L-myo- 
inositol 1-phosphate synthase from cultivated rice. 

3. A process of obtaining a salt-tolerant L-myo-inositol 1-phosphate 
synthase gene comprising: 

(i) Isolation of a full-length cDNA for the L-myo-inositol 1- 
phosphate synthase gene from the leaf of Porte resia coarctata by 
reverse transcription followed by polymerase chain reaction; 

(ii) sequencing of the isolated L-myo-inositol 1-phosphate synthase 
gene. 

4. A process as claimed in claim 3, wherein the isolated full-length 
cDNA of PINO 1 is cloned into a suitable bacterial expression vector 
pET 20B(+) to produce expression plasm ids. 

5. A process as claimed in claim 4 ,wherein the said plasm ids were 
introduced into the host strain E.coli BL-21 (DE 3) for obtaining an 
expressed PINOl gene product . 

6. A process as claimed in claim 5,~wherein the expressed PINOl 
proteins are solubilized in a solubilization buffer containing 8M 
Urea,0.5 M NaCl, 20 mM Tris-HCl, pH 7.5,10 mM ME and 2 mM 
PMSF. 
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BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.1 |Aug-l-2001, 

Matrix I BL0SUMS2 tJ HT pr 

—' gap ope n:< gap extension: I 1 

x.dropofY: H^xpectrH™ wordsize: F"^ * Lll I 
Sequence 1 lcl|seq_ I Length 5 1 0 ( i . . 5 1 0) 

Sequence 2 lcl|seq_2 Length 512 (1 .. 512) 

2 
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NOTE^e statistics (bitscore and expect value) is emulated based on the size of nr database 
?r r ! :. 786 bits < 2029 >' Expect = 0.0 

Identities = 419/522 (80%), Positives = 448/522 <85*» r 

(85%), Gaps = 22/522 (4%) 



1 MFIESFRVESPHVRYGAAEIESDYQYDTTELVHESHDGASBWIVRPKSVRyNFRTTTTVP 



KLGVMLVGWGGNNGSTLTAGVIANREGI SWATKDKVQQANYYGS LTQASTI RVGS YNGEE 



Query: 61 
120 

Query: 121 IYAPFKSLLPMVNPDDLVFGGWDISNMNLADAMTRAKVLDIDLQKQLRPYMES 



I^APFKSLLPMVNPDDLVFGGWDISNMNLADAMTRAKVLDIDLOKOLRPVMP«? 
Sbjct: 121 lYAPFKSLliPMVNPDDLVFGGWDISNNINLADAMTRAKvXDIDLQKQL^ 

Query: 174 MVPL PGI YDPDVIAANQGSRANNtVIKGTKKEQMEQI I KDI REFKEKSKVDKWVLWTA 

Sbjct: 181 MIPTSSPLTRDP ARTMSSRE* vtLL^t KDIREFKE + K+DK VVLWTA 

231 ARTMSSRB* PRRSRWGRSSKDIREFKENNKMOKAWIjWTA 
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Query: 232 NTBRYSN-VCVGLNDTMENLLASVDKNEAEISPSTLYAIACV-MEGI PF1 MGSPQNTFVP 
289 

NTERY+N +C + GL T ASVD-HU AEI S PSTLY 4 EG 4- I G+ + P 

Sbjct: 232 ,J^TEUYNNCLCLGLI^-*-TNGKPSASVDRNQAEXSPSTLYCHCLASLEGVRSITGALKKKSWP 
290 • • 

Query: 290 GLIDLAIKNNCLI-GGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSA 
348 

G+ DLAIK GG K G+ K K+ LVDFL+GAGIKPTSIVSYNHLGNNDG NLSA 

Sbjct: 291 GIDDLAIKKKLPDPGGLIQKRGKPKKKTGLVDFLMGAGIKPTSIVSYNHLGNNDGTNLSA 
350 

Query: 34 9 PQTFRSKEISKSNWDDMVSSNAI LYELGEHPDHVWIKYVPYVGDSKRAMDEYTSEI FM 
408 

PQTFRSKEISKS+VVDDMVSSNAILYE GEHPDHVWI KYVP YVGDSKRAMDEYTSE I FM 

Sbjct: 351 PQTFRSKEISKSSWDDMVSSNAILYEPGEHPDHVWIKYVPYVGDSKRAMDEYTSEIFM 
a i n 



410 

9 

Query: 409 GGKSTlVhHNTCEDSLLAAPIILDLVLhAELSTRIor.KAEGEF.KFHSFHPVAT I LSYLTK 
468 

GGK+TIVLHNTCEDSLLAAPIILDLVLLAELSTRIQLK EGEEKFHSFHPVAT I LSYLTK 

Sb j ct : 411 GGKNT I VLHNTCEDSLLAAP 1 1 LDLVLLAELSTRIQLKG EGEEKFHSFHPVAT! LSYLTK 
470 



Query: 4 69 APLVPPGTPVVNALAKQRAMLENIMRACVGLAPENNMILEYK 510- 

APLVPPGTPWNALAKQRAMLENIMRACVGLAPENNMILEYK 
Sbjct: 471 APLVPPGTPWNALAKQRAMLENIMRACVGLAPENNMILEYK 512 
CPU time: 0.10 user sees. 0.02 sys. sees 0.12 total 



sees . 
Gapped 

Lambda K H 

0.316 0.134 0.385 

Gapped 

Lambda K H 

V< 0.267 0,0410 0.140 



Matrix: BLOSUM62 * 

Gap Penalties: Existence: 11, Extension: 1 

Number of Hits to DB: 2125 

Number of Sequences: 0 

Number of extensions: 153 

Number of successful extensions: 5 

Number of sequences better than 10.0: 1 

Number of HSP f s better than 10.0 without gapping: 1 

Number of HSP f s successfully gapped in prelim test: 0 

Number of HSP's that attempted gapping- in prelim test: 0 

Number of HSP's gapped (non-prelim): 1 

length of query: 510 

length of database: 233,319,389 

effective HSP length: 125 

effective length of query: 385 

effective length of database: 176,133,389 

effective search space: 67811354765 

effective search space used: 67811354765 



cj^ty^ 



OF L.S. DAVAR & Co. 
APPLICANTS' AGENT 




Fig: 2 



Mr 1 




Mr 1 2 

















!• • ,« 
■f ' . • ' — 






* * '»' " 


- 



Fig: 3 
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